1. Introduction {#sec0001}
===============

The disparities in financial resources across U.S. colleges and universities are vast and important. For example, the higher education institutions with the 25 largest endowments hold over half of all endowment assets ([@bib0019]). Recent books with striking titles such as *Unequal Colleges in the Age of Disparity* and *Unequal Higher Education* compellingly describe the implications of organizational financial inequality for students and for society ([@bib0005]; [@bib0022]). Furthermore, many worry that this form of inequality is growing, with prominent institutions like the Delta Cost Project suggesting that "\[r\]ich institutions are getting richer, and poor institutions are getting poorer" ([@bib0011]).

Despite the importance of this topic, only a few academic studies have examined it using established methods for measuring inequality ([@bib0008]; [@bib0018]). Our collective understanding of how to study organizational financial inequality in the higher education industry is consequently underdeveloped, as is our empirical understanding of the levels and trends that exist for this form of inequality. This study advances the literature by describing levels and trends in overall inequality for the period spanning the 2004-2017 fiscal years and then decomposing those levels and trends. Our description updates and extends previous estimates; our decomposition makes a more fundamental contribution by introducing to the higher education literature a decomposition method that illuminates key questions pertaining to organizational inequality.

Our decomposition method helps us to better understand differences in inequality trends that depend upon whether dollars are measured in total or on a per full-time-equivalent (FTE) student[1](#cit_1){ref-type="fn"} basis. [@bib0018] noted that because colleges and universities provide students with a mix of rival and non-rival goods and services, the optimal measure of finances is unknown but would fall somewhere between the extremes of total dollars and dollars per student. They consequently suggested examining trends for both measures and noted that clear conclusions can be reached when trends in inequality are consistent across these two measures, which it was for the time period they examined.

They left open the question of how to interpret findings when trends differ across these measures, a question of importance because our period of study experiences opposing trends. To understand the source of these differential trends, we employed a technique that is used in labor economics to decompose total earnings inequality into wage inequality, hours of work inequality, and a term measuring the correlation of wages and hours of work ([@bib0003]). For our study, total expenditure inequality was decomposed into per-student expenditure inequality, enrollment inequality, and a term measuring the correlation between per-student expenditures and enrollments. We extended this decomposition so that each term is further divided into shares associated with between-group and within-group inequality, which allowed us to examine important variation relating to an institution\'s control (public and private non-profit) and Carnegie type (doctoral, master\'s, baccalaureate, and associate\'s).

Our description and decomposition of organizational financial inequality reveal a number of important findings. For a data set drawn from the Integrated Postsecondary Education Data System for the full-population of non-profit Title IV eligible U.S. higher education institutions,[2](#cit_2){ref-type="fn"} we report a range of inequality indices. These indices indicate that total expenditure inequality increased over the 2004--2017 period while per-student expenditure inequality declined. Our decomposition highlights how these differing trends related to rising differences in enrollments and an increasingly positive correlation between an institution\'s enrollment level and its expenditures per student. Our extended decomposition shows that both between-group differences and within-group differences contributed to these patterns. Our results are partially driven by the presence of high research spending at large universities but remain present when more narrow measures of expenditures, that exclude research and service, are used.

Our work has important implications for understanding inequality in organizational finances. Our findings highlight how measures of organizational expenditures and revenues relate to enrollment levels, a relationship that will become increasingly important given demographic trends stemming from the "birth dearth" since the Great Recession that could lead to enrollment declines at many institutions ([@bib0013]). The COVID-19 pandemic may create a further set of demographic challenges. Because some revenue sources (e.g. endowments, state appropriations) and expenditure types (e.g. campus infrastructure) do not decline commensurately with enrollments, per-student expenditures could remain steady or even rise at institutions with worsening financial situations and declining enrollments. Yet scholars regularly use per-student revenue or expenditure measures to capture the state of a higher education institution\'s finances. Although no perfect measure of expenditures or revenues exists, our paper highlights key factors shaping differences between alternative measures.

2. Previous literature {#sec0002}
======================

Only two studies have used established methods for measuring inequality to examine whether the distributions of revenues and expenditures across higher education institutions have become more or less unequal over time.[3](#cit_3){ref-type="fn"} Both [@bib0008] and [@bib0018] examined Gini coefficients for large numbers of U.S. higher education institutions, but they differed in a number of regards. The former study used data for a longer period (1971--2006) but only examined four-year institutions and a smaller set of measures (per-student measures of revenues and expenditures). The latter used data for a shorter period (2002--2010) but also included two-year institutions and measures of total revenues and expenditures. The studies also differed in how they measured revenues, as [@bib0008] did not include realized or unrealized capital gains on endowment portfolios for most of their sample period, while [@bib0018] included this form of income.

The studies both found that the Gini coefficient for expenditures per student increased over time, but the studies interpreted the increases differently. For example, the analysis in [@bib0008] revealed an increase in the Gini coefficient from 0.427 to 0.467 for the 1971--1996 period, while the analysis in [@bib0018] showed an increase from 0.341 to 0.370 between 2002 and 2010. The latter increase was more substantial given that it occurred over an 8-year period rather than a 25-year period. Yet Lau and Rosen concluded that their observed change was not a significant increase in expenditure inequality during their period of study, while Davies and Zarifa generally interpreted their observed increases as consequential.[4](#cit_4){ref-type="fn"}

The findings from these two studies also differed by the level of inequality and the differences by sector. For the 2006 fiscal year, the one year held in common for both studies, [@bib0008] reported Gini coefficients for total expenditures per student of 0.579 for the public sector and 0.460 for the private sector. In contrast, [@bib0018] reported Gini coefficients of 0.264 for publics and 0.366 for privates. These varying results likely relate to one additional difference between the studies: Davies & Zarifa included institutions with a special focus classification within the Carnegie classification system while Lau and Rosen omitted these institutions. Special focus institutions often produce extreme outliers for per-student measures due to high revenues and low enrollments. Boxplots reported by Davies and Zarifa confirm that their data set contains a number of extreme outliers. In the analysis that follows, we will report Gini coefficients for expenditures per student that are much closer to the results from [@bib0018] than the results from [@bib0008], which is not surprising because we also exclude special focus institutions.

3. Data {#sec0003}
=======

Similar to previous studies, we used data from the Integrated Postsecondary Education Data System (IPEDS), which is an annual census of postsecondary institutions in the United States. IPEDS is the only publicly-available data set that contains detailed revenue and expenditure figures for both public and private higher education institutions. Our study period spans the 2004 through 2017 fiscal years. The 2004 fiscal year is the first one in which all public institutions reported data using the new Governmental Accounting Standards Boards (GASB) reporting standards.[5](#cit_5){ref-type="fn"}

Unlike previous studies of organizational financial inequality, we prepared IPEDS data using the recommendations provided by [@bib0016].[6](#cit_6){ref-type="fn"} Consequently, we examine Title IV institutions. Title IV institutions provide postsecondary education and are eligible to enroll students receiving Title IV federal financial aid ([@bib0006]). In order to obtain Title IV status, an institution must obtain accreditation by an approved accrediting agency and satisfy requirements, including annual completion of the IPEDS survey, stipulated in the Program Participation Agreement (PPA) contract with the U.S. Department of Education. A Title IV institution may be a single-campus institution or a multi-campus institution. Because multiple campuses from the same Title IV institution sometimes report data separately[7](#cit_7){ref-type="fn"} , we aggregate data from separate campuses in order create a Title IV institution-level data set. Our aggregation uses digits 2--6 of the Office of Postsecondary Education Identification (OPEID) as recommended by [@bib0016]. During the aggregation, we used the values for the PPA holder (i.e. main campus), which is identified by a value of "00" for digits 7--8 of the OPEID, when calculating categorical variables.[8](#cit_8){ref-type="fn"} For continuous variables that count items like dollars and students, we summed across all UNITID-level observations that share the same PPA.

We constructed our data set with aggregation procedures performed separately for each academic year. One limitation of this approach is that the composition of PPAs changed over time so identical groupings were not used across years. To determine whether or not changes to the composition of PPAs affected our results, we repeated the analysis for a data set that employed identical groupings across years. We achieved identical groupings by further aggregating observations to account for the movement of UNITID-level observations across PPAs.[9](#cit_9){ref-type="fn"} Our results did not meaningfully differ when this alternative data set was used.

We examined institutions that meet the following criteria: (a) not-for-profit; (b) Title IV eligible; (c) two-year or four-year institutions; (d) residing within the 50 U.S. states or Washington D.C.; (e) degree granting; (f) not system offices unaffiliated with other IPEDS observations; (g) not missing finance or enrollment data; and (h) possessing enrollment levels of at least 100 students. We then added another criterion via the Carnegie classification by only keeping institutions classified as doctoral, master\'s, baccalaureate, or associate\'s institutions. This decision primarily results in the omission of institutions classified in the special focus classifications, which contain types of institutions (e.g. seminaries, medical centers) that produce extreme outliers for per-student measures due to high revenues and low enrollments. Another reason for this omission lies with the motivation for the paper, which primarily centers around policy questions pertaining to more general types of higher education institutions.

A range of potential measures of total expenditures and total revenues exist, and each measure offers drawbacks and advantages. Although our tables only include findings for one revenue measure and one expenditure measure, we examined findings for a number of alternatives to ensure that our findings are robust. Our primary measure of total revenues includes tuition, government appropriations, grants and contracts, donations, and investment return. This measure excludes revenues generated by auxiliary enterprises, hospitals, sales of educational services, independent operations, and those revenues categorized as "other" in IPEDS finance tables. To maintain consistency with our revenue measure, we used education and general (E&G) expenditures as our primary measure of total expenditures. E&G expenditures include instruction, academic support, student services, institutional support, research, public service, and scholarship expenses, but exclude costs of auxiliary enterprises, hospitals, independent operations, and expenses categorized as "other" in IPEDS.

To check for sensitivity of our results, we repeated our analysis using alternative measures of revenues and expenditures. First, we examined a more restrictive measure of expenditures−education and related (E&R) expenditures−which differs from E&G expenditures in that direct and indirect expenditures associated with research and public service are not included.[10](#cit_10){ref-type="fn"} Our inequality estimates, especially those examining between-sector differences, were lower when E&R expenditures were used. Second, we examined measures that incorporated all sources of revenues and expenditures including auxiliary, hospital, independent operations, and other categories. We observed a slight increase in the magnitude of inequality when we employed these more expansive measures. However, our primary findings pertaining to changes over time or disparities between total and per-student measures of inequality were not substantially altered by the use of more restrictive or more expansive measures of organizational finances.

To measure enrollment, we used 12-month enrollment rather than Fall enrollment so that we can account for enrollment over an entire year and provide a more complete picture of the number of students that benefit from the financial resources of the institution. We replaced 12-month enrollment data with an adjusted figure based on Fall enrollment when 12-month enrollment data was missing or problematic.[11](#cit_11){ref-type="fn"} Our enrollment measure is weighted with graduate enrollments receiving a weight of two, because graduate education is more expensive to provide.[12](#cit_12){ref-type="fn"} Although our measure captures weighted FTE enrollments, we use the term "expenditures per student" rather than "expenditures per weighted FTE student" for brevity\'s sake when describing results for expenditures measures that were normalized by our enrollment measure.

To check for robustness, we incorporated alternative enrollment measures based on Fall enrollments or unweighted calculations. We observed a slight decline in the magnitude of inequality measures when we used Fall enrollment rather than 12-month enrollment. We detected a slight increase in inequality indices when we used unweighted, rather than weighted, enrollment. As was the case with revenue and expenditure measures, the use of alternative enrollment measures did not substantially alter our primary findings pertaining to changes over time or disparities between total and per-student measures of inequality.

4. Methods {#sec0004}
==========

We sought to measure the level of financial inequality across U.S. higher education institutions and decompose the observed inequality into factor components. Researchers have identified a substantial number of inequality indices, each containing both drawbacks and merits ([@bib0007]; [@bib0014]). For this study, we primarily used the mean log deviation (MLD) to measure inequality. We also examined overall trends using the Gini, Thiel Index, and Atkinson index (ε=1) to demonstrate that the observed trends are not specific to the MLD.[13](#cit_13){ref-type="fn"}

The MLD contains a number of desirable properties. It belongs to the generalized entropy family of inequality indices, and like other members of this family, the MLD is independent of scale and population size and satisfies the strong principle of transfer ([@bib0007]). An important feature of the MLD for the purposes of this study is its decomposability. Like many other measures, the MLD can be used to decompose total inequality into a portion due to inequality between constituent subgroups and a portion due to inequality within the subgroups. The MLD can also be used to decompose two terms of interest that have a multiplicative relationship, a trait that is rare among inequality indices ([@bib0003]).

This last consideration is important for the purposes of our paper, because we are interested in the relationship between total expenditures and expenditures per student, which can be summarized as$$T_{i} = S_{i}E_{i}$$where *T~i~* represents total expenditures, *S~i~* represents expenditures per student, and *E~i~* represents enrollment. A similar equation can be stated for revenues and revenues per student. This relationship between total expenditures, expenditures per student, and enrollments is identical in structure to the relationship between total earnings, hourly wages, and the number of hours worked. [@bib0003] decomposed the MLD for this latter set of variables, and we employed a similar approach for our measures of organizational finances.

The decomposition highlights how inequality in total revenues can be expressed as the sum of three components: inequality in expenditures per student, inequality in enrollment, and a component capturing the correlation between expenditures per student and enrollments. This relationship can be described more formally as:$$I_{T} = I_{S} + I_{E} + \rho$$where *I~T~, I~S~*, and *I~E~* represent the MLD of total expenditures, the MLD of expenditures per student, and the MLD of enrollments, respectively, and *ρ* is a term relating to the correlation between per-student expenditures and enrollments. The MLD is defined as the difference between the log of the average of a variable and the average of its log, so the MLD of total expenditures is$$I_{T} = \frac{1}{N}\sum\limits_{i = 1}^{N}ln\frac{\overline{T}}{T_{i}}$$Both *I~S~* and *I~E~* are defined similarly.

[@bib0003] note that the term representing the correlation between expenditures per student and enrollments is defined as$$\rho = ln\left( {1 + \frac{\overline{T} - \overline{S}\overline{E}}{\overline{S}\overline{E}}} \right)$$The covariance between expenditures per student and enrollments can be shown to be given by the numerator of the second term in the parenthesis of [Eq. (4)](#eqn0004){ref-type="disp-formula"}. The sign of the covariance determines the sign of the correlation term.

We can use equations (2) through (4) to better understand factors that relate to the difference between inequality in total expenditures and inequality in expenditures per student.$$I_{T} - I_{S} = I_{E} + \text{ln}\left( {1 + \frac{\overline{T} - \overline{S}\overline{E}}{\overline{S}\overline{E}}} \right)$$If the covariance between expenditures per student and enrollments is positive or equal to zero, then inequality in total expenditures will always be higher than inequality in expenditures per student. If the covariance is negative, then the relationship between total expenditure inequality and expenditure per student inequality will depend upon the magnitude of that correlation term relative to enrollment inequality. For example, when a negative value for the correlation term perfectly offsets the level of enrollment inequality, total expenditure inequality will equal expenditure per student inequality.

[@bib0003] note that [Eq. (2)](#eqn0002){ref-type="disp-formula"} can be further decomposed into terms capturing between-group inequality and terms capturing within-group inequality. For example, when observations can be divided into J exhaustive groups, inequality in total expenditures, I~T~, can be decomposed into between-group and within-group components$$I_{T} = B_{T} + W_{T}$$ [Eq. (6)](#eqn0006){ref-type="disp-formula"} can be further extended to provide details about each component$$I_{T} = \sum\limits_{j = 1}^{J}p_{j}ln\left( \frac{\overline{T}}{{\overline{T}}_{j}} \right) + \sum\limits_{j = 1}^{J}p_{j}I_{Tj}$$where *p~j~* equals the proportion of observations belonging to group j, ${\overline{T}}_{j}$ equals the mean expenditures of group j, and *I~Tj~* equals the level of inequality in total expenditures among members of group j.

Similar decompositions can be performed for *I~S~* and *I~E~* so that [Eq. (2)](#eqn0002){ref-type="disp-formula"} can be extended to$$I_{T} = B_{S} + B_{E} + B_{\rho} + W_{S} + W_{E} + W_{\rho}$$The terms B~ρ~ and W~ρ~ are not calculated directly but are instead calculated indirectly from the other components of [Eqs. (6)](#eqn0006){ref-type="disp-formula"} and [(8)](#eqn0008){ref-type="disp-formula"}, so that *B~ρ~* = *B~T~* -- *B~S~* -- *B~E~* and *W~ρ~* = *W~T~* -- *W~S~* -- *W~E~* ([@bib0003]).

5. Results {#sec0005}
==========

In this section, we present and discuss the results of our empirical analyses. We start by focusing on the decomposition of the difference between the MLD of total expenditures and the MLD of expenditures per student. The decomposition is then extended so that differences between and within organizational types can be examined. We conclude our results section by further examining two items highlighted by our decomposition: rising enrollment inequality, and the positive correlation between enrollments and expenditures per student.

5.1. Describing and decomposing inequality levels {#sec0006}
-------------------------------------------------

[Table 1](#tbl0001){ref-type="table"} reports a range of inequality indices for total revenues, total expenditures, revenues per student, and expenditures per student for the 2004 and 2017 fiscal years. All of the indices reveal major differences between the first two measures and the latter two measures. The level of inequality was much greater for total revenues and total expenditures than for revenues per student and expenditures per student. The trends over time also differed, with inequality increasing for measures of total dollars and falling for measures of dollars per student.Table 1Inequality Indices for Total and Per-Student Finances.Table 1[Total DollarsPer-Student DollarsExpendituresRevenuesExpendituresRevenues]{.ul}20042017% Chg.20042017% Chg.20042017% Chg.20042017% Chg.[All Institutions \[n = 2,397 (2004); 2,384 (2017)\]]{.ul}Mean Log Dev.0.9050.9788%0.9320.9835%0.1630.137-16%0.2240.190-15%Thiel Index1.0511.15110%1.1091.1594%0.2020.168-17%0.3010.262-13%Atkinson (1)0.5960.6245%0.6060.6263%0.1510.128-15%0.2010.173-14%Gini0.6860.7073%0.6940.7072%0.3150.287-9%0.3670.334-9%[Public Institutions \[n = 1,434 (2004); 1,452 (2017)\]]{.ul}Mean Log Dev.0.8430.9169%0.8300.8776%0.1160.081-30%0.1160.071-39%Thiel Index0.9341.0149%0.9250.9776%0.1530.093-39%0.1600.080-50%Atkinson (1)0.5690.6005%0.5640.5844%0.1090.078-28%0.1090.069-37%Gini0.6650.6853%0.6610.6752%0.2590.222-14%0.2560.208-19%[Private Institutions \[n = 963 (2004); 932 (2017)\]]{.ul}Mean Log Dev.0.9751.0669%1.0851.1496%0.1730.170-2%0.2550.2654%Thiel Index1.2551.39511%1.3941.4373%0.2010.2010%0.3150.3377%Atkinson (1)0.6230.6555%0.6620.6833%0.1590.156-2%0.2250.2333%Gini0.7090.7344%0.7360.7512%0.3240.320-1%0.3950.4011%[^1]

These differences between total dollars and dollars per student were robust.[14](#cit_14){ref-type="fn"} They were present for both revenues and expenditures. They held for all of our general inequality indices (MLD, Thiel, Atkinson, and Gini). With the exception of the trend in per-student revenues for private institutions[15](#cit_15){ref-type="fn"} , they persisted when analysis was conducted separately for public and private institutions.

[Table 2](#tbl0002){ref-type="table"} reports results solely for the MLD but adds findings for all years during the 2004--17 period and for two additional measures: enrollment inequality and the term measuring the correlation between per-student dollars and enrollments. The yearly figures indicate that changes over time in revenue measures were highly erratic while the trends for expenditures were relatively steady.[16](#cit_16){ref-type="fn"} For example, the MLD for total expenditures per student for the full set of institutions only differed by 0.029 (between 0.134 and 0.163) during the entire 14-year period. In contrast, the absolute magnitude of year-to-year changes in the MLD for total revenues per student exceeded 0.029 eleven times, with the largest being a reduction of 0.132 between 2011 and 2012. The fluctuations in revenue were primarily present in the private sector and related to the revenue categories related to investment income and private gifts, grants, and contracts. When these categories were removed from revenue calculations, the year-to-year changes in revenues per student became similar in nature to the corresponding changes in expenditures per student and only differed by 0.037 (between 0.075 and 0.111) during the entire 14-year period. Because revenue measures are volatile, we focus on expenditure trends for the remainder of this paper.Table 2Decomposition of the Mean Logarithmic Deviation of Organizational Finances.Table 220042005200620072008200920102011201220132014201520162017Chg.[All Institutions]{.ul}ExpenditureTotal0.9050.9040.9100.9110.9210.9180.9070.9030.9080.9150.9280.9380.9580.9780.073Total/Enr.0.1630.1580.1570.1550.1600.1590.1510.1470.1410.1350.1340.1340.1370.137-0.026Enrollment0.6030.6010.6070.6020.6030.6030.6010.5980.6140.6170.6280.6350.6470.6570.054Correlation0.1390.1460.1460.1550.1600.1560.1560.1580.1530.1630.1670.1690.1750.1840.045RevenueTotal0.9320.9430.9470.9840.8930.8400.8830.9330.8680.9130.9660.9210.9070.9830.051Total/Enr.0.2240.2120.2160.2680.1480.1060.1760.2470.1160.1830.2170.1370.1010.190-0.034Enrollment0.6030.6010.6070.6020.6030.6030.6010.5980.6140.6170.6280.6350.6470.6570.054Correlation0.1050.1300.1230.1140.1440.1440.1070.0880.1380.1130.1210.1490.1610.1360.031\# of Obs.2,3972,4412,4492,4392,4372,4362,4302,4272,4122,4052,4042,3902,3912,384[Public Institutions]{.ul}ExpenditureTotal0.8430.8400.8430.8490.8490.8430.8180.8100.8280.8380.8540.8690.8980.9160.073Total/Enr.0.1160.0990.0970.0940.0970.0970.0920.0880.0800.0770.0770.0810.0830.081-0.034Enrollment0.5220.5260.5350.5340.5310.5220.5040.5010.5270.5350.5510.5690.5870.6020.079Correlation0.2040.2160.2100.2200.2200.2240.2220.2210.2210.2260.2260.2190.2280.2330.028RevenueTotal0.8300.8290.8300.8500.8040.7480.7860.7950.7830.8120.8410.8230.8310.8770.047Total/Enr.0.1160.0940.0940.0940.0880.0800.0840.0830.0690.0710.0740.0690.0660.071-0.045Enrollment0.5220.5260.5350.5340.5310.5220.5040.5010.5270.5350.5510.5690.5870.6020.079Correlation0.1920.2090.2000.2220.1850.1480.1990.2120.1870.2060.2160.1850.1780.2040.012\# of Obs.1,4341,4711,4761,4791,4781,4751,4761,4751,4641,4581,4591,4531,4541,452[Private Institutions]{.ul}ExpenditureTotal0.9750.9830.9950.9911.0151.0171.0271.0271.0161.0201.0301.0331.0401.0660.090Total/Enr.0.1730.1780.1840.1830.1960.1880.1800.1770.1680.1630.1640.1630.1650.170-0.003Enrollment0.5570.5560.5630.5580.5670.5770.6030.6030.6080.6110.6210.6140.6240.6310.074Correlation0.2450.2490.2470.2510.2550.2530.2440.2470.2400.2460.2450.2560.2510.2650.020RevenueTotal1.0851.1171.1241.1841.0070.7961.0261.1470.9731.0691.1581.0660.9941.1490.064Total/Enr.0.2550.2650.2710.3400.2000.1510.2190.3260.1450.2340.2860.1850.1350.2650.010Enrollment0.5570.5560.5630.5580.5670.5770.6030.6030.6080.6110.6210.6140.6240.6310.074Correlation0.2720.2960.2910.2860.2420.0570.2040.2180.2200.2240.2500.2680.2370.253-0.020\# of Obs.963970973960959961954952948947945937937932[^2][^3][^4]

As described in our methods section (see [Eq. (5)](#eqn0005){ref-type="disp-formula"}), one can decompose the difference between inequality in total expenditures and inequality in expenditures per student using the results in [Table 2](#tbl0002){ref-type="table"}. For the full set of institutions between 2004 and 2017, the average MLD for total expenditures was 0.922 and the average MLD for expenditures per student was 0.148, so the average difference between these two measures was 0.774. This difference between measures was related to both inequality in enrollments and a positive correlation between enrollments and expenditures per student. The average magnitude of the former equaled 0.615 while the average magnitude of the latter equaled 0.159. Consequently, 79% of the difference between the average MLD for total expenditures and the average MLD for expenditures per student was associated with inequality in enrollments.[17](#cit_17){ref-type="fn"} The role of inequality in enrollments relates to a straightforward point: institutions that enrolled larger numbers of students experienced, on average, much higher levels of total expenditures than institutions that enrolled smaller numbers of students. The positive correlation term communicates a less obvious relationship: institutions that enrolled larger numbers of students spent more per student, on average, than institutions that enrolled smaller numbers of students.

The trends for enrollment inequality and the correlation term indicate that both terms contributed to the growing divergence between total expenditure inequality and expenditure per student inequality. [Fig. 1](#fig0001){ref-type="fig"} illustrates these trends. Between 2004 and 2017 for the full set of institutions, the MLD for total expenditures increased by 0.073 while the MLD for expenditures per student fell by 0.026, leading the gap between these two measures to increase by 0.099. Both enrollment inequality and the correlation term increased in magnitude over the period by similar amounts, with the 0.054 increase in the former slightly exceeding the 0.045 increase in the latter. The increase in enrollment inequality was much higher than the increase in the correlation term when estimates were calculated separately for the private and public sectors.[18](#cit_18){ref-type="fn"} Fig. 1Trends in Total Expenditure MLD, Expenditure per Student MLD, Enrollment MLD, and Correlation Term.Notes: For the first three graphs, the vertical axes show inequality as measured by the mean logarithmic deviation. The vertical axis for the final graph shows a term measuring the correlation between per-student expenditures and enrollment.Fig 1:

5.2. Extending the decomposition {#sec0007}
--------------------------------

[Table 3](#tbl0003){ref-type="table"} extends the analysis by reporting the portion of each term that is due to differences between institutional types and the portion due to differences within institutional types. This extended decomposition employs eight institutional types, because we examined the intersection of institutional control (public, private) and Carnegie classification (doctoral, master\'s, baccalaureate, associate\'s). The results indicate that a majority of inequality in total expenditures was due to differences between institutional types, while the majority of inequality in expenditures per student was due to differences within institutional type. For example, the between-group MLD for total expenditures was 0.617 in 2017 while the within-group MLD for total expenditures was 0.361, so 63% of total expenditure inequality was due to between-group differences. In contrast, the corresponding figures for expenditures per-student were 0.058 and 0.079, so only 42% of per-student expenditure inequality was due to between-group differences. These patterns are expected because organizational scale, which has a bigger impact on total expenditures than per-student expenditures, varies dramatically across different Carnegie classifications.Table 3Two-Way Decomposition of the Mean Logarithmic Deviation of Organizational Expenditures.Table 3[All InstitutionsPublic InstitutionsPrivate Institutions]{.ul}20042017Chg.20042017Chg.20042017Chg.[All Institutions]{.ul}MLD Between - Total0.5640.6170.0530.5220.5780.0560.6020.6690.067MLD Between - Total/Enr.0.0650.058-0.0070.0350.030-0.0050.0490.048-0.001MLD Between - Enrollment0.3140.3320.0180.2130.2560.0430.2980.3370.038MLD Between - Correlation0.1850.2270.0420.2750.2910.0170.2550.2840.029MLD Within - Total0.3420.3610.0200.3200.3380.0180.3730.3970.024MLD Within - Total/Enr.0.0980.079-0.0200.0810.051-0.0300.1240.121-0.003MLD Within - Enrollment0.2890.3260.0360.3100.3450.0360.2590.2950.036MLD Within - Correlation-0.046-0.0430.003-0.070-0.0580.012-0.009-0.019-0.010*n*2,3972,3841,4341,452963932[^5]

One implication of these patterns is that the gap between total expenditure inequality and expenditure per student inequality was greater for between-group measures than for within-group measures. In 2017, this gap equaled 0.559 (0.617--0.058) for between-group measures and 0.282 (0.361--0.079) for within-group measures. The difference between these two gaps related to variation in the term measuring the correlation between expenditures per student and enrollments. The between-group correlation term was positive (0.227), while the within-group correlation term was slightly negative (-0.043).

The differential trends over time for total expenditures and per-student expenditures that we observed for the overall measures in [Tables 1](#tbl0001){ref-type="table"} and [2](#tbl0002){ref-type="table"} were mostly present for both the between-group and within-group measures in [Table 3](#tbl0003){ref-type="table"}. For between-group, total expenditure inequality increased by 0.053 between 2004 and 2017 while per-student expenditure inequality essentially stayed the same, falling by only 0.007. For within-group, total expenditure inequality grew by 0.020 and per-student expenditure inequality fell by 0.020.

Due to these differential trends, the gap between total expenditure inequality and per-student expenditure inequality increased over time for both the between-group and within-group figures. For between-group figures, the growing gap was associated with a slight increase in enrollment inequality of 0.018 and an increase in the correlation term of 0.042.[19](#cit_19){ref-type="fn"} In contrast, enrollment inequality increased by 0.036 while the correlation term barely changed for the within-group figures.

The specific findings for [Table 3](#tbl0003){ref-type="table"} discussed to this point relate to analyses conducted for the full set of institutions. [Table 3](#tbl0003){ref-type="table"} also contains results from separate analyses of the public and private sectors, and in general, the patterns observed for the full set of institutions were mostly present in each sector. To examine whether results vary by the intersection of institutional control and Carnegie classification, we turn now to [Table 4](#tbl0004){ref-type="table"} , which provides inequality figures for the six Carnegie-control categories with large numbers of institutions.Table 4Separate Decompositions of the Mean Logarithmic Deviation of Organizational Expenditures by Carnegie Classification and Control.Table 4[PublicPrivate NFP]{.ul}20042017Chg.20042017Chg.[Public DoctoralPrivate Doctoral]{.ul}Total0.3360.3600.025Total0.7670.8530.086Total/Enr.0.1200.089-0.031Total/Enr.0.3270.322-0.004Enrollment0.1730.1900.017Enrollment0.2840.3200.036Correlation0.0420.0810.038Correlation0.1570.2100.053\# of Obs.190190\# of Obs.117116[Public MastersPrivate Master\'s]{.ul}Total0.1980.2050.007Total0.2680.3050.037Total/Enr.0.0500.0570.007Total/Enr.0.0700.059-0.012Enrollment0.1940.2090.015Enrollment0.2690.3150.045Correlation-0.046-0.061-0.014Correlation-0.071-0.0680.004\# of Obs.260259\# of Obs.395391[Public Associate\'sPrivate Baccalaureate]{.ul}Total0.3660.3820.016Total0.3550.3600.005Total/Enr.0.0800.040-0.040Total/Enr.0.1130.1230.010Enrollment0.3780.4200.042Enrollment0.2430.2540.010Correlation-0.092-0.0770.015Correlation-0.001-0.017-0.015\# of Obs.890912\# of Obs.419399[^6][^7]

Private doctoral universities possessed the highest levels of inequality. For these schools, the MLD in 2017 was 0.853 for total expenditures and 0.322 for expenditures per student. Both of these figures were more than twice as large as the corresponding figures for each of the other institutional types. Private doctoral universities were also atypical in regards to the correlation term between enrollments and expenditures per student, which equaled 0.210 in 2017.

Public doctoral universities comprised the only other set of institutions that contained a positive correlation term, but the magnitude of the correlation term (0.081) was much smaller. Despite the positive correlation term and the third highest level of per-student expenditure inequality[20](#cit_20){ref-type="fn"} , the MLD for total expenditures for public doctoral universities was similar to others due to the low level of enrollment inequality. Private baccalaureate colleges were akin to doctoral universities in that they possessed relatively high levels of per-student expenditure inequality and a correlation term that was not meaningfully negative.[21](#cit_21){ref-type="fn"} In contrast, public associate\'s, public master\'s, and private master\'s institutions had negative correlation terms and the smallest levels of per-student expenditure inequality. Public associate\'s colleges still possessed fairly high levels of total expenditure inequality, because these schools experienced high levels of enrollment inequality.[22](#cit_22){ref-type="fn"}

In terms of changes over time, the results in [Table 4](#tbl0004){ref-type="table"} reveal some variation across institutional types. The within-group increase in total expenditure inequality was primarily driven by increased inequality among private doctoral universities and private master\'s institutions, while the within-group decrease in per-student expenditure inequality was primarily present among public doctoral universities and public associate\'s colleges. Each institutional type experienced a small or moderate increase in enrollment inequality. In contrast, the trends associated with the correlation term were much more variable, with large increases for public and private doctoral universities and small declines for public master\'s institutions and private baccalaureate colleges.

5.3. Rising enrollment inequality {#sec0008}
---------------------------------

For our period of study, the trends for total expenditure inequality and expenditure per student inequality differed. Our decomposition results highlight how these differing trends are related to rising enrollment inequality. In general, we should expect enrollment shifts to have differing effects on total expenditures and expenditures per student. Enrollment gains would generally lead to increased total expenditures, because additional students bring additional net tuition revenue and additional funding from entities, such as state governments, that relate funding levels to enrollment levels. Enrollment declines would generally lead to decreased total expenditures for similar reasons.

The effect of enrollment shifts on expenditures per student would likely be different. Although institutional revenues increase with enrollment, they are unlikely to increase proportionally. Some revenue sources, such as investment income, have little relationship to enrollment levels. Other revenue sources, such as state appropriations, will generally increase with enrollments but not by commensurate amounts. So, revenues per student, and by extension expenditures per student, will typically fall for individual institutions as their enrollments rise. Similarly, enrollment declines will generally lead to increases in expenditures per student.

These relationships are present in our data set. An institution\'s change in enrollment between 2004 and 2017 has a strong positive relationship with its corresponding change in total expenditures and a strong negative relationship with its corresponding change in expenditures per student.[23](#cit_23){ref-type="fn"} To illustrate these relationships in a way that highlights state-level policy implications, [Fig. 2](#fig0002){ref-type="fig"} describes 2010--17 changes in expenditures, expenditures per student, and enrollments for universities in the Pennsylvania State System of Higher Education (PASSHE). The enrollment trends for PASSHE universities since 2010 were generally negative but varied meaningfully across institutions. Between 2010 and 2017, two schools (West Chester and Slippery Rock) experienced enrollment increases, two schools (Cheyney and Mansfield) saw their enrollments drop by almost half, and the remaining schools faced meaningful but much less drastic enrollment reductions. The enrollment shifts were positively correlated with changes in total expenditures but negatively correlated with changes in per-student expenditures.Fig. 2Correlation between Enrollment Change & Expenditure Change, PASSHE universities (2010-2017).Note: Data are reported for all fourteen universities in the Pennsylvania State System of Higher Education System.Fig 2

Contexts like the PASSHE raise a series of noteworthy questions. Labor economists will be interested in the effect of institutional enrollments and expenditures per student on the experiences and outcomes of college students. [@bib0002] examined this question at the state level and found that cohort size (i.e. the number of state citizens that are 18) is negatively related to college attainment rates. Furthermore, they provided evidence that this negative relationship is due to limited adjustment among colleges and universities on the supply-side of the higher education market. They found that non-tuition revenues in a state do not increase or decrease commensurately with changes in cohort size, so students in smaller cohorts experience higher per-student expenditures and higher college attainment, on average. The link between per-student expenditures and college attainment was examined more directly by [@bib0010], who found that per-student expenditure reductions led to lower levels of attainment. The available evidence suggests that this link may be driven by informal capacity constraints that cause students to experience reduced course offerings, limited advising, and larger class sizes when per-student funding is lower ([@bib0001]; [@bib0010])

From this perspective, one might conclude that student experiences improved between 2010 and 2017 at Lincoln, Mansfield, and other PASSHE universities experiencing enrollment declines, due to increases in expenditures per student.[24](#cit_24){ref-type="fn"} Students at these schools may increasingly experience smaller class sizes and greater opportunities to engage faculty and staff members directly. Yet, enrollment declines can also have negative impacts on the student experience, as they may harm campus morale and limit the ability of the institution to provide items that carry high fixed costs. The net effect of these considerations on student outcomes could vary by the institution\'s initial level of enrollment and the size of the enrollment decline.

Public finance economists and policymakers will be interested in the state funding questions raised by enrollment divergence. The president of West Chester, the PASSHE university experiencing the largest enrollment gains, recently highlighted conflicting goals of state policymakers that shape how they respond to varying enrollment trends ([@bib0012]). State policymakers wish to expand college attainment and success, which would call for increasing (decreasing) funding for institutions with growing (declining) enrollments. But state policymakers also wish to ensure that no existing public college or university fails, as they fear the employment and economic impact of such an outcome. This latter concern might limit the extent to which state appropriations are redistributed in response to enrollment changes. These tensions will likely increase in the years ahead as states and higher education institutions navigate the lingering financial challenges associated with the COVID-19 pandemic and the expected decrease in the number of traditionally-aged college students stemming from low birth rates during the Great Recession ([@bib0013]).

5.4. The correlation between enrollments and expenditures per student {#sec0009}
---------------------------------------------------------------------

Although an institution\'s expenditures per-student will typically rise as its enrollment declines, this does not mean that a similar relationship will be present when between-institution comparisons are made. Instead, institutions with above-average enrollments may also generally have above-average expenditures per students. Our decomposition indicated a positive between-institution correlation between enrollments and expenditures per student. In this section, we examine how research activity and variation in institutional wealth and prestige both contribute to this relationship.

Research activity is worthy of consideration because [Table 3](#tbl0003){ref-type="table"} showed that differences across institutional types were driving the overall positive correlation between enrollments and expenditures per student. Furthermore, [Table 4](#tbl0004){ref-type="table"} revealed that the correlation between enrollments and expenditures per student is strongly positive for public and private research universities but not for other institutional types. Research activity could be partially or fully driving these results because our measure of expenditures---education and general expenditures---includes research expenditures. In 2017, the Pearson correlation between research expenditures per student and enrollment was 0.343, which is very different than the 0.012 correlation between instructional expenditures per student and enrollment. The positive correlation for research expenditures was driven by differences between institutional types as research universities spent more on research and had larger enrollments. The positive correlation was also driven by differences within institutional types, as the Pearson correlation in 2017 was 0.357 for public doctoral universities and 0.233 for private doctoral universities.

To illustrate the degree to which research expenditures were driving the differences across institutional types highlighted in [Table 4](#tbl0004){ref-type="table"}, we also calculated figures using education and related (E&R) expenditures, which do not include expenditures relating to research and public service. When this narrower measure of expenditures was used, the differences between doctoral universities and other types of higher education institutions were diminished. For 2017, the total expenditure MLD declined from 0.360 to 0.290 for public doctoral universities and from 0.853 to 0.679 for private doctoral universities. Per-student expenditure MLD declined from 0.089 to 0.060 for public doctoral universities and from 0.322 to 0.195 for private doctoral universities. The correlation term similarly declined from 0.081 to 0.040 for public doctoral universities and from 0.210 to 0.164 for private doctoral universities. In contrast, the figures for other institutional types were not meaningfully changed when E&R expenditures were used.

Thus, the positive correlation terms for doctoral universities observed in [Table 4](#tbl0004){ref-type="table"} are partially due to a positive relationship between enrollments and research expenditures per student. This relationship could relate to the joint production of instruction and research within U.S. universities. Perhaps U.S. research universities can only sustain large research capacity when they also enroll large numbers of students. High enrollments help universities maintain large numbers of faculty in a wide variety of fields, and this breadth and depth of faculty expertise may help a university attract substantial sums of research funding. An empirical test of this possibility would be a complicated and challenging task that would constitute a separate paper.

The results for doctoral universities remained very different from those observed for other institutional types even after the removal of research and service expenditures, so other factors were also driving differences by institutional type. [@bib0024] points to one potential explanation: institutional prestige and wealth are closely linked and lead to large differences in expenditures per student across higher education institutions. The top 10-20% of higher education institutions in the U.S. spend much more per student than other institutions, and the spending inequality even among the institutions located in the top two deciles is great ([@bib0024]).

The most prestigious and wealthy institutions are almost exclusively public doctoral universities, private doctoral universities, or private baccalaureate colleges.[25](#cit_25){ref-type="fn"} The distribution of endowments and private donations across colleges and universities is highly skewed, and these elite institutions capture a large share of endowments and gifts ([@bib0004]; [@bib0019]). During our period of study (2004-2017), schools that are ranked among the top 25 national universities or the top 25 national colleges received 47% of the total private income[26](#cit_26){ref-type="fn"} generated by our population of institutions despite comprising only 2% of institutions and capturing 4% of enrollments. For those institutional types that contained these schools, the presence of elite institutions led to substantial inequalities in private income. The MLD of per-student private income in 2017 was 0.540 for public doctoral universities, 1.084 for private doctoral universities, and 0.765 for private baccalaureate colleges. The large sums of private income at elite institutions allowed them to simultaneously spend more per student and maintain larger enrollments than their counterparts of the same institutional type.[27](#cit_27){ref-type="fn"} Even though they spread their resources more thinly due to higher enrollments, elite institutions were still able to spend more per student due to their wealth advantage.

For both public and private doctoral universities, the relationship between enrollments and expenditures per student at these institutional types is no longer positive when controls for institutional wealth or prestige are added. [Table 5](#tbl0005){ref-type="table"} contains log-log regressions (with no control variables) that reveal similar relationships as the correlation terms from [Table 4](#tbl0004){ref-type="table"}. The first and third columns of regression results again demonstrate that expenditures per student and enrollments are positively correlated for public and private doctoral universities and close to zero for private baccalaureate colleges. The second column of results reveals that that this relationship becomes very close to zero once per-student private income is included as a control variable. The final column of results shows that a similar pattern is present when the U.S. News peer assessment measure is instead included as a control variable.[28](#cit_28){ref-type="fn"} The results for the last regression are a bit more striking in that the relationship between expenditures per student and enrollments becomes negative. As a whole, the results in [Table 5](#tbl0005){ref-type="table"} indicate that variation in institutional wealth and prestige is closely intertwined with the positive correlation between per-student expenditures and enrollment.Table 5Effect of Controls on the Relationship Between Enrollment and per-Student Expenditures.Table 5Model (1)Model (2)Model (3)Model (4)[Public Doctoral Universities]{.ul}Enrollment (log)0.149\*\*-0.0270.168\*\*-0.222\*\*(0.046)(0.034)(0.046)(0.042)Per-FTE Investment Income (log)0.294\*\*(0.020)US News Peer Assessment0.660\*\*(0.046)\# of Obs.190190187187[Private Doctoral Universities]{.ul}Enrollment (log)0.403\*\*0.0380.436\*\*-0.189\*\*(0.078)(0.035)(0.086)(0.038)Per-FTE Investment Income (log)0.477\*\*(0.020)US News Peer Assessment0.844\*\*(0.031)\# of Obs.116116110110[Private Baccalaureate Colleges]{.ul}Enrollment (log)0.0390.0030.052-0.206\*\*(0.036)(0.021)(0.039)(0.034)Per-FTE Investment Income (log)0.300\*\*(0.010)US News Peer Assessment0.578\*\*(0.036)\# of Obs.398398372372[^8]

6. Conclusion {#sec0010}
=============

We examined financial inequality across the full-population of non-profit Title IV eligible U.S. higher education institutions with a Carnegie classification of doctoral, master\'s, baccalaureate, or associate\'s. We conclude here by highlighting four key findings from our work and discussing their implications for future research. Our first finding of note is that inequality levels for total expenditures increased between 2004 and 2017 but fell for expenditures per student during the same period. These opposing trends prompt questions about the proper measure to use when examining financial inequality across higher education institutions.

[@bib0018] noted that neither total expenditures nor per-student expenditures are ideal measures of the resources available at a specific college or university. If higher education institutions are providing a pure public good (that is non-rival in consumption), then a measure based on total expenditures is ideal. In contrast, a measure based on expenditures per student is ideal if these institutions are providing a pure private good (that is rival in consumption). Because the mix of goods and services provided by higher education institutions presumably falls somewhere between these two extremes, measures based on total expenditures and measures based on per-student expenditures will bracket the ideal measure ([@bib0018]). When studying organizational finances, however, researchers often only examine one measure, which is typically the per-student measure.

Our second finding of note highlights how the differences in inequality patterns between the total expenditure measure and the per-student expenditure measure related to enrollment levels. Our decomposition results indicate that these differences were driven by growing inequality in enrollments across higher education institutions as well as an increasingly positive correlation between enrollments and expenditures per student. The logic underlying the decomposition implies that the future trends for these two measures will be affected by future changes to the distribution of enrollments across higher education institutions.

Recent analyses by [@bib0013] suggest that the distribution of enrollments will substantially change in the upcoming decades. The college-aged populations in most Northeast and Midwestern states will substantially decline, while the same populations in Mountain, Western North Central, and South Atlantic states will increase. Grawe\'s analyses also suggest that enrollment trends will vary by institutions' rankings in the U.S. News and World Report. As lower-ranked institutions in the Midwest and Northeast experience enrollment declines during the upcoming decades, their total expenditures will likely decrease dramatically but their per-student expenditures may not fall given that some revenue sources do not decline commensurately with enrollments. So, the use of multiple measures of organizational revenues and expenditures will become even more vital in the future.

Our third finding relates to our decomposition of inequality figures into the portions associated with between-group variation and the portions associated with within-group variation. Both components contributed to most of our general findings, especially those pertaining to changes over time. For example, the growth in total expenditure inequality, the decline in per-student expenditure inequality, and the growth in enrollment inequality were present in the results for both between-group and within-group variation. Findings relating to a point in time were more likely to vary across these two sources of variation. For example, the between-group correlation term for enrollments and per-student expenditures was positive while the corresponding within-group correlation term was negative. Previous research did not separately examine within-group inequality as it either examined inequality in general ([@bib0008]; [@bib0018]) or examined between-group inequality by comparing means for different organizational groupings ([@bib0011]).

Further analyses of within-group differences produced our fourth finding of note: inequality patterns vary across institutional control and Carnegie classification categories. We observed the greatest inequality in expenditures among institutional types that rely more upon private sources of funding. The private sector had greater levels of inequality than the public sector, and within-sector, inequality was higher for those Carnegie classifications that contain institutions with high levels of private income. Future research could further investigate how organizational financial inequality is shaped by the larger funding environment, which includes governmental policies that distribute public sources of funding to higher education institutions.

We found especially interesting variation in the correlation term between enrollments and expenditures per student, as this relationship was positive for private and public doctoral universities and negative for private and public master\'s institutions and public associate\'s colleges. In our results section, we discussed how these differences relate to research activity as well as institutional wealth and prestige. Future research could examine these relationships in greater depth. In this and other areas, this paper is not the last word on organizational financial inequality. We hope that the insights into this topic that we have provided can be built upon in the future.
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========================================

**John J. Cheslock:** Conceptualization, Methodology, Validation, Formal analysis, Writing - original draft, Writing - review & editing, Visualization. **Yahya Shamekhi:** Methodology, Software, Validation, Formal analysis, Data curation, Visualization.

For the sake of brevity, we will simply use the term "per student" rather than "per FTE student" for the remainder of the paper even though we mean the latter. As we will discuss in our data section, we weight graduate enrollments by a factor of two when calculating total enrollments to account for the higher costs associated with graduate instruction. So, our estimates of expenditures per student are actually estimates of expenditures per weighted FTE student.

Our population does not include institutions with a special focus Carnegie classification. Special focus institutions offer degrees in a single field or a set of related fields, which sometimes leads to very atypical combinations of enrollments and expenditures. Examples of special focus institutions include seminaries, medical centers, law schools, and art schools. We do not include these institutions in order to eliminate outliers and focus attention on institutions with more broad-based offerings.

Other studies examined related topics. [@bib0011] examined trends in expenditures per student between 1999 and 2009 for different Carnegie classification and institutional control groupings. They reported growing between-group inequality as average expenditures per student increased more rapidly at private institutions than at public institutions and more rapidly at four-year public institutions than at two-year public institutions. Winston (2004) examined institutional subsidies per student for the 1986/87-1995/96 period. The subsidy equals the difference between the cost associated with producing the education and the amount the student paid for it. Winston found growing between-sector inequality in subsidies as the gap between public and private institutions grew over the period. He also found varying trends in within-sector inequality: the Gini coefficient for public institutions fell from 0.189 to 0.176, and the Gini coefficient for private institutions increased from 0.299 to 0.338.

These studies also differed in that [@bib0018] focused on linear time trends based upon data for every year of their sample, while [@bib0008] focused on differences between the beginning year and ending year of the period. When using linear time trends, [@bib0018] estimated a smaller difference of 0.020 rather than 0.029 for their time period. The use of linear time trends, however, does not explain the differing conclusions as an increase of 0.020 over eight years is still more impressive than an increase of 0.040 over 25 years.

Although consistent reporting standards were generally used over our selected period, reporting standards did change slightly over the period. The treatment of maintenance, depreciation, and interest (MDI) expenses changed for those institutions following the GASB standards. During FY2007 and earlier years, GASB institutions reported MDI expenses as a separate expense category. During FY2010 and later years, these institutions allocated MDI expenses to other expense categories and reported them as subcategories. In FY2008 and FY2009, GASB institutions varied in their treatment of MDI expenses. To ensure comparability, for all years prior to FY2010, we allocated the MDIs across all the other expense categories proportional to the size of each expense category. To ensure similarities across schools for the FY2008 and FY2009 years, we first rolled back the MDI expenses to the old system for those schools that adopted the new reporting before performing our proportionate allocation.

[@bib0018] used a version of IPEDS data produced by the Delta Cost Project, which contains limitations that can affect estimates, especially for public institutions ([@bib0016]). [@bib0008] created their own IPEDS data set, but organized their data at the UNITID-level, which creates a different set of challenges that are described in [@bib0017]; [@bib0016]. Their choice was motivated by restrictions created by limitations in the pre-2000 data, as the authors were combining data from the IPEDS survey (which was created in the mid-1980s) and the Higher Education General Information System survey (which preceded the IPEDS survey). The methods proposed by [@bib0016] are preferred to these approaches, because they produce a data set that contains a unit of analysis (Title IV institutions) that is constant across observations and has a helpful interpretation. Furthermore, this unit of analysis is "the most disaggregated unit of analysis that contains data from all IPEDS survey components" ([@bib0016], p. 648).

Rutgers University and Arizona State University are examples of Title IV institutions that report data across multiple UNITID-level observations. For Rutgers, the Camden, New Brunswick, and Newark campuses all share the same PPA. For Arizona State, the Tempe, West, Polytechnic, Downtown Phoenix, and Skysong campuses all share the same PPA.

A small number of program participation agreements have multiple main campuses or no main campus reported. In these cases, we used data for the campus that reports the largest enrollment levels.

An example of varying PPA composition relates to the University of California-Merced and the University of California-Davis. When UC-Merced started enrolling students in FY2006, it shared a PPA with the UC-Davis. In FY2008, UC-Merced obtained its own PPA. For our primary data set, UC-Merced and UC-Davis are treated as one Title IV institution in FY2006 and FY2007 but separate Title IV institutions in later years. For the alternative data set containing identical groupings over time, UC-Merced and UC-Davis data are combined into one observation for all years in our study period.

The measure of education and related (E&R) expenditures was introduced by the Delta Cost Project. They described it as "instruction + student services + (education share \*(academic support + institutional support + operations and maintenance)), where education share = (instruction + student services)/(instruction + student services + research + public service)" ([@bib0009], p. 17).

The median difference between 12-month enrollment and Fall enrollment was around 7% of Fall enrollment during our period of study, so Fall enrollment figures were multiplied by 1.07 to calculate 12-month enrollment when necessary. This replacement procedure was rarely used as less than 0.1% of observations possessed missing or problematic 12-month enrollment data. We identified problematic data using an algorithm that detected large one-year blips in 12-month enrollment data for an individual institution that were not matched by blips in Fall enrollment data.

In a study of higher education expenditures in four states, [@bib0020] found that the cost of producing a graduate student credit hour is 2-4 times as expensive as the cost of producing an undergraduate student credit hour. These estimates are similar to earlier studies by [@bib0015] and [@bib0023]. Available estimates are very imprecise because cost researchers must allocate expenditures across levels of study using a number of questionable assumptions due to data limitations. To be conservative, we use the lower end of the estimated range for our adjustment. Another factor driving our choice of weights is that full-time graduate students may enroll in fewer credit hours than full-time undergraduate students.

See [@bib0007] and Hao and Naiman (2011) for a description of available inequality indices, their relative strengths and weaknesses, and their conceptual underpinnings. Hao and Naiman (2011) organize inequality indices into different categories, and we include indicators from each of the three categories with the most desirable properties. The Gini coefficient belongs to the category of indicators that are based on quantile functions and Lorenz curves. The Atkinson index is derived from social welfare functions, and the MLD and the Thiel Index are developed from information theory.

As noted in the data section, we obtained similar trends over time when we used alternative financial measures. [Table 1](#tbl0001){ref-type="table"} reports that the MLD of total E&G expenditures rose from 0.905 to 0.978 between 2004 and 2017, while the MLD of per-student E&G expenditures fell from 0.163 to 0.137. When E&R expenditures were used instead of E&G, the MLD of total expenditures again increased (from 0.725 to 0.796) and the MLD of per-student expenditures again declined (from 0.147 to 0.128). When all sources of expenditures were used, we again found an increase in the former (from 0.985 to 1.094) and a decrease in the latter (from 0.202 to 0.175) was again found.

As we will note in our upcoming discussion of [Table 2](#tbl0002){ref-type="table"}, revenue trends were affected heavily by the presence of revenues associated with private gifts and investment income, which fluctuated greatly from year-to-year. When these types of revenues removed, the trends for per-student revenues for private institutions turned negative and no longer differed from the trends observed for other financial measures.

[@bib0018] also noted these patterns and that they indicate that higher education institutions smooth their spending in a manner that is consistent with the permanent income hypothesis.

The share of the difference that was associated with enrollment inequality dropped from 79% to 70-71% when analyses were conducted separately for the public and private sectors. Sector-specific enrollment inequality was lower than overall enrollment inequality because private institutions had substantially lower enrollments than public institutions. In contrast, the sector-specific correlation terms were larger than the overall correlation term. The between-sector correlation between enrollments and expenditures per student was negative because, in addition to having lower enrollment levels, private institutions had higher levels of expenditures per student.

Between-sector enrollment inequality fell over the period because enrollments at private institutions grew at a faster rate than enrollments at public institutions. In addition, the trend in expenditures per student was less favorable for private institutions than for public institutions. As a result, the between-sector correlation between enrollments and expenditures per student became less negative over time.

Public and private doctoral universities, which had the highest mean expenditures per student, experienced strong enrollment growth over the 2004-2017 period. In contrast, public associate\'s colleges, which had the lowest mean expenditures per student, experienced the weakest enrollment growth over the period. These trends contributed to the growth in the between-group correlation term and the rising between-group inequality in total expenditures.

The differences between doctoral universities and other institutional types were partially related to the financial impact of research activity. The distribution of research expenditures within both categories of doctoral universities was highly unequal, as the MLD of research expenditures per student was 1.332 for private doctoral universities and 0.525 for public doctoral universities in 2017. When [Table 4](#tbl0004){ref-type="table"} was re-estimated using E&R expenditures, which don\'t include expenditures relating to research and service, the MLD of expenditures per student decreased by around one-third for doctoral universities. [Section 5.4](#sec0009){ref-type="sec"} of this paper will discuss how research expenditures relate to differences in the correlation term across Carnegie classifications.

The correlation term for private baccalaureate colleges was heavily shaped by one outlier, Brigham Young University-Idaho, that educates large numbers of students via online education. In 2017, this institution enrolled 43,000 students and had per-student education and general expenditures of \$5,976. The corresponding averages for private baccalaureate colleges was 1,647 and \$27,026. When we removed this one outlier, the correlation term in Figure 4 moves from -0.017 to 0.034.

The high levels of enrollment inequality among associate\'s colleges likely relates to heterogeneity in the size of nearby student populations and breadth of mission.

For our population of institutions, the Pearson correlation between the change in log enrollments and the change in log total expenditures was 0.643 and the Pearson correlation between the change in log enrollments and the change in log expenditures per students was -0.499. We observed the same pattern when changes in levels or percentage changes were examined rather than changes in logs, and we obtained similar results when analysis was confined to particular institutional types or when analysis was just run for the 2004-2010 and 2010-2017 periods.

The analyses by [@bib0002] do not provide direct insights into the institution-level relationship between enrollments and expenditures per student. They examined the effect of cohort size rather than actual enrollments, so part of their observed effect could be due to students in a large cohort who never enroll. The enrollment shifts that are related to cohort size have impacts that move beyond within-institution changes in enrollments and expenditures per student. [@bib0002] found that rising cohort size leads to a shift in enrollments across institutional types, with students increasingly attending institutional types (e.g. two-year institutions) that spend less per student.

The U.S. News rankings of best national universities and best national colleges are a commonly used proxy for institutional prestige. For our set of institutions in 2017, all of the institutions that were in the top 25 of these two rankings were classified as private doctoral universities, public doctoral universities, or private baccalaureate colleges.

Private income is the sum of investment income and private gifts, grants, and contracts. To calculate this for public institutions, we sum values from the following three IPEDS revenue categories: private gifts, investment income, and private operating grants and contracts. For private institutions, we use data from the following three categories: investment returns, contributions from affiliated entities, and private gifts, grants, and contracts.

In 2017, private doctoral universities in the top 25 had mean expenditures per student of \$97,966 and mean enrollments of 25,099. The corresponding figures for private doctoral universities outside of the top 25 were \$24,061 and 13,404. Among private baccalaureate colleges, the means were \$63,772 and 2,339 for top 25 colleges and \$24,779 and 1,604 for colleges outside of the top 25. Among public doctoral universities, the figures were \$56,016 and 48,652 for top 25 universities and \$25,331 and 28,287 for universities outside of the top 25.

Peer assessment scores are included in the formula used to determine U.S. News rankings. These scores are based on ratings for each higher education institution provided by presidents, provosts, and deans of admissions. Ratings are based on a scale of 1 (marginal) to 5 (distinguished). We use U.S. News peer assessment scores rather than U.S. News rankings because these scores provide a direct measure of prestige and the formula for rankings includes some measures of expenditures. The regressions in the last two columns of [Table 5](#tbl0005){ref-type="table"} are based on a slightly smaller data set because U.S. News did not report scores for some institutions.

[^1]: Notes: The data sources are the finance and 12-month enrollment components in IPEDS. Except for several minor restrictions noted in the text, the data represents the full population of non-profit Title IV-eligible institutions with a Carnegie classification of doctoral, master\'s, baccalaureate, or associate\'s.

[^2]: Notes: The row titles signify the following: "Total" contains the MLD of total expenditures; "Total/Enr" contains the MLD of per-student expenditures;

[^3]: "Enrollment" contains the MLD of enrollment; "Correlation" contains a term measuring the correlation between per-student expenditures and enrollment.

[^4]: See the Methods section for a description of how the first term can be decomposed into the latter three terms. See [Table 1](#tbl0001){ref-type="table"} notes for further information.

[^5]: Notes: For each of the four terms, "MLD Between" represents the portion of the MLD that is attributable to differences between institutional types, as categorized by the intersection of institutional control and Carnegie Classification. "MLD Within" represents the portion of the MLD that is attributable to differences within institutional types. See the notes from [Tables 1](#tbl0001){ref-type="table"} and [2](#tbl0002){ref-type="table"} for further information.

[^6]: Notes: Results were estimated separately for each of the six listed institutional types.

[^7]: See the notes from [Tables 1](#tbl0001){ref-type="table"} and [2](#tbl0002){ref-type="table"} for further information.

[^8]: Notes: The dependent variable is log per-student E&G expenditures. Each regression includes an intercept. \* represents p \< 0.05 and \*\* represents p \< 0.01.
